Partial molar volumes of copper sulphate and zinc sulphate have been determined in water and binary aqueous mixtures of propylene glycol (2,4,6 and 8% by weight of propylene glycol) at 303.15 K with the help of density measurements. Effect of temperature on the partial molar volumes was also analysed for these salts in water and binary aqueous mixtures of propylene glycol. Results obtained have been analysed by Masson's equation and the experimental values of slopes and partial molar volumes of these transition metals sulphates have been interpreted in terms of ion-ion or ion -solvent interactions. Limiting molar expansibilities ( 0 E ) have also been determined which are interpreted in terms of structure making or breaking capacities of transition metal sulphates. The transition metal sulphates have been found as structure promoter in water and binary aqueous mixture of propylene glycol.
INTRODUCTION
In thermodynamic properties, partial molar volume is one of the most important tool which is useful in elucidating the various types of interactions like ion-ion, ion -solvent and solventsolvent interactions occurring in aqueous as well as non-aqueous solutions [1] [2] [3] [4] [5] [6] [7] [8] [9] [10] .The structure and properties of the solutions can be determined by
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www.orientjchem.org Key words: Partial molar volumes, structure maker, transition metal sulphates. these interactions and appreciable work has been done for various electrolytes in different binary aqueous mixtures but less work is done forcopper sulphate and zinc sulphate in binary aqueous mixtures of propylene glycol. So, the present study is to understand the interactions of copper sulphate and zinc sulphate in water and propylene glycol + water system. 3d transition metal ions play an important role in different life systems as these are present in different minerals, vitamins, enzymes and proteins. Copper sulphate is very important transition metal salt in agriculture, public health, decorative trades, mining, paint, petroleum and textile industries. On the other hand zinc sulphate is an important mineral. It is an herbicide typically used for moss control. Zinc can be found naturally in the environment, foods and water. Due to the importance in geology, industrial and biological systems, a need has developed for accurate thermodynamic data for transition metal salts in aqueous solutions. Propylene glycol is a commonly used drug solubilizer in topical, oral and injectable medications. It is used as stabilizer for vitamins and as a water-miscible co-solvent. Propylene glycol has been used for over 50 years in a large variety of industrial applications. The binary aqueous mixtures of propylene glycol and five different concentrations of above mentioned transition metal sulphates were prepared by weight and the conversion of molality (m) into molar concentration(C) was done by using the standard expression 11 :
EXPERIMENTAL
Where, d is the density of solution and M 2 is the molecular weight of transition metal sulphate salts.
The density was measured with the help of an apparatus similar to the one reported by Ward and Millero 12 . This apparatus consist of a glass float which is suspended with nylon thread from a balance pan into a cylindrical sample container. The sample container has a bakelite top and placed in a water bath. The whole assembly of sample container and water-bath was placed in thermostat whose temperature was controlled with the help of an electronic relay. .
The apparent molar volumes ( v ) were calculated from the density data using the following expression 14 ... (3) where d 0 is the density of propylene glycol +water as solvent and d is the density of solution; c is the molar concentration of sulphate salts and M 2 is the molecular weight of transition metal sulphates. The density measurements were carried out in a well stirred water bath with a temperature control of ± 0.01 K.
RESULTS AND DISCUSSION
The densities of aqueous solutions of copper sulphate and zinc sulphate in different compositions of propylene glycol + water (2,4,6 and 8%) at 303.15 K have been measured and were used to calculate the apparent molar volumes  v .The plot of  v verses C were found to be linear in different compositions of propylene glycol + water. A sample plot for copper sulphate in different compositions of propylene glycol +water at 308.15K is shown in fig.1 .The partial molar volumes  v 0 were (4) where is the partial molar volume and is the experimental slope. values, for both the transition metal sulphates decrease with the increase of propylene glycol content in water which shows that ion-solvent interactions decrease on the addition of propylene glycol in water. So we conclude that propylene glycol solvent has more affinity for water than the ions. Also, on comparing the magnitudes of The decrease in and may be trait to the increase in electrostriction in the presence of propylene glycol. The electrostriction effect, which leads to the contraction in the volume of the solvent, is increased in the mixed solvents as compared with that in pure water. This electrostriction effect, again confirming the earlier conclusion of greater affinity of propylene glycol for water.
values , for each transition metal sulphates decrease with the increase of propylene glycol amount in water ; which may be trait to the increase in solvent -solvent interactions between propylene glycol + water. Since sulphate ion is common in both the salts so from the values of values it is concluded that electrostriction of zinc ion is more than copper ion and hence copper ion is preferentially solvated as compared to zinc ion.
Effect of temperature
Since the behaviour of the both the electrolytes was found to be linear and same in different composition of propylene glycol + water at 308.15 K, so only one composition system (2% w/ w) has been selected for studying the effect of temperature It has been found that only S*  is not only one parameter for determining the structure making or structure breaking nature of any solute. Limiting molar expansibilities  0  is another parameter, which determines the structure making or breaking capacity of any solute in any of the solvent developed by Hepler 15 .
The temperature dependence of  0  in water [relations (6) and (7)] and 2% propylene glycol + water [relations (8) and (9) Limiting molar expansibilities , which is temperature dependence function of ,is calculated for both the transition metal sulphates by using relations (6) to (9) and are given in table 3.
From table 3,  0  values for transition metal sulphates at different temperatures are negative but increase in magnitude with rise in temperature showing that both these transition metal sulphates behaving just like symmetrical tetra alkyl ammonium salts 16 and not like common salts 17, 18 because in the case of common electrolytes the molar volume expansibilities should decrease with the rise in temperature. The variation of  On the basis of this expression, it has been deduced that both the salts are structure makers in water as well as in binary aqueous mixtures of propylene glycol. 
